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ABSTRACT 



Changes in the globally integrated absolute angular momentum of the atmosphere 
were computed from the Fleet Numerical Oceanography Center NOGAPS wind analyses 
and compared to astronomically measured changes in length of day ( LOD ) obtained 
from the L'.S. Naval Observatory, Washington D.C. The two time series were subjected 
to both time and frequency domain analysis. In the time domain, digital filters were used 
to isolate seasonal and subseasonal components. In the frequency domain, energy den- 
sity, coherence and phase were computed over periods from 2 days to 1000 days. Over 
90% of the total variance in astronomically determined LOD can be explained by 
meteorological phenomena. Fluctuations in LOD are coherent and in phase with fluc- 
tuations in the globally integrated angular momentum of the Earth's shell (crust, mantle 
and oceans; liquid core is excluded) at almost all periods less than 365 days. Annual 
fluctuations in LOD appear to originate in the midlatitudes and propagate equatorward. 
Subseasonal fluctuations (30 to 100 day periods) appear to be a tropical phenomena. 
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I. INTRODUCTION AND THEORY 



A. BACKGROUND 

Fluctuations in the Earth's length of day ( LOD ) were surmised by early astronomers 
who noted cumulative irregularities in the Earth s expected latitudinal position relative 
to daily star transits. Newtonian physics explained only the tidal component of these 
short period changes in the Earth's angular momentum. In the late 1930's, pendulum 
clocks were accurate enough to measure daily star transits to within 1 ms.l Stoyko (1937, 
cited in Munk and MacDonald, 1960) reported a 2 ms cumulative seasonal variation in 
LOD. He noted that the length of day measured in July was longer than that measured 
in May by 2 ms. Atomic clocks, developed in the 1950's, improved time keeping accu- 
racy by several orders of magnitude. Present day cesium clocks have accuracies better 
than 10” 8 s per day (or .00001 ms) (Ramsey, 1988). At the same time, improvements in 
astronomical measurement methods led to more precise determination of star and quasar 
transits. 

A number of studies have been undertaken to link the observed changes in LOD to 
meteorological phenomena. Starr (1948, cited in Munk and MacDonald, 1960) pro- 
posed that the observed changes in the Earth's LOD occurred because the solid Earth 
and atmosphere exchanged angular momentum on a seasonal basis. Madden and Julian 
(1971) found 40-50 day oscillations in pressure and zonal winds centered in the tropics, 
and Lambeck and Cazenave (1974) subsequently linked these atmospheric oscillations 
to changes in LOD. Lambeck (1980) identified the amplitudes and phases of the seasonal 
changes and listed other, non meteorological components which could be responsible for 
LOD changes. Rosen and Salstein (1983) correlated short period (less than seasonal) 
hemispherical changes of atmospheric angular momentum and LOD with polar and 
subtropical jet streams. Eubanks et al. (1985) performed a spectral analysis of atmo- 
spherically derived angular momentum with a composite of astronomic, satellite and 
Lunar Laser Ranging (LLR)2 LOD data. Barnes et al. (1983) extensively studied 

1 The best gravity pendulum clocks have accuracies within 1 ms per day or one part in 10* 
(Ramsey, 1988). This is barely accurate enough to detect the fairly large seasonal changes in the 
LOD. 

2 The astronauts left a comer reflector on the moon which reflects a LASER signal back for 
extremely accurate short term measurement of Earth rotation parameters. 
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changes in LOD over the period 1979-1981. Morgan et al. (1985) used least squares 
analysis to study the seasonal as well as subseasonal nature of oscillations in the LOD 
from 1981 to 1984. Swinbank (1985) examined the torques which produce changes in 
LOD. Wolf and Smith (1987), and Eubanks et al. (1986) compared changes in atmo- 
spheric angular momentum with astronomically determined LOD during the El Nino of 
1983. 

Most studies have examined atmospheric angular momentum and LOD using time 
measurements from the Bureau International de 1'IIeure (Bill), augmented by LLR and 
other precise rotation measurement methods, to compare with gridded zonal wind data 
from the U.S. National Meteorological Center (NMC) or the European Centre for Me- 
dium Range Weather Forecasts (ECMWF). This paper analyzes the wind-derived at- 
mospheric angular momentum budget for the period January 1983 to July 1987 and the 
simultaneous changes in the Earth's LOD using time data from the U.S. Naval Observ- 
atory (USNO) and zonal wind data from the U.S. Navy Fleet Numerical Oceanography 
Center NOGAPS model. 3 The atmospheric angular momentum changes are then exam- 
ined over two latitude bands to investigate the horizontal structure of the seasonal and 
subseasonal components of the atmospheric angular momentum and contributions to 
the LOD . 

B. ASTRONOMIC LENGTH OF DAY 

Astronomic length of day is measured by comparing elapsed time for meridional 
transits of stars or quasars with a reference time determined by atomic clocks. The time 
it takes for exactly one rotation of the Earth (360 degrees of longitude change) with re- 
spect to the fixed, inertial reference system of distant stars is a sidereal day with a mean 
value of 86,164.0905 seconds. Earth time is generally kept with respect to rotation about 
the sun: the solar day. A mean solar day is slightly longer and subject to more variability 
than the sidereal day because the Earth is in motion about the sun. Time for a solar day 
(LOD 0 ) is defined as exactly 86,400 seconds. LOD is defined as the actual elapsed time 
(measured by cesium clocks) for a meridional transit of a point on Earth with respect to 
an inertial frame. Since this is with respect to sidereal time, a conversion is applied to 
make it consistent with solar time keeping. 



3 NOGAPS is Naval Operational Global Atmospheric Prediction System. It is a mathematical 
model which generates a global wind and pressure analysis on a 2 Vi by 2 Vi degree grid spacing. 
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